Air pollution is the result of natural processes and intense urban development. The undesired emission of volatile substances causes environmental threats such as acid rains, aggravated greenhouse effect or the ozone depletion. Moreover, the pollution released into the air is harmful to the human respiratory system, eyes and skin. This paper presents the body of analyses conducted in Poznań between 2015-2017 on the changes in the local emission concentration of PM10 and PM2.5. The data concerning the emission of suspended particulates were provided by the meteorological station on Polanka St. in Poznań. The research included a correlation analysis. The results point to a steady decrease in the amount of produced particulates. It was also noted that the emissions of PM10 and PM2.5 change seasonally, with the highest levels in the autumn and winter. Furthermore, the amount of emitted suspended particulates is correlated with the temperature; hence, it is supposed that the main source of air pollution in Poznań involves low-efficiency heaters and boilers.
INTRODUCTION
As the industry develops and the urbanization continues, we note the tremendous influence of advanced civilization on the natural environment. Further development results in both technological advancement and the degradation of the natural environment. The main threat is the air pollution, which is a global problem, prevalent especially in the developed and developing countries [Cembrzyńska et al. 2012 ]. The air is polluted by gas, liquid, and solid substances in the form of suspended particulates (PM10, PM2.5). Table 1 presents the maximum accepted levels, the information threshold and the alarm levels for air pollution [Regulation of the Minister of the Environment ... 2012].
The sources of air pollution are divided into natural and anthropogenic. The natural sources include biological processes, volcanic eruptions, forest fires and lightning discharges. The anthropogenic pollution, on the other hand, results from the natural population growth and from the development of technology and industry. These sources can be divided into the pollution generated by the industry, traffic, energy sector and municipal waste. In the case of the industry, one should especially consider the consequences of the heavy, chemical and food industries [Dreiseidler et al. 2000 ]. The transportation is also an important branch of the industry affecting the air pollution [Roy et al. 2013] . Large cities are mostly affected by the car exhaust; therefore, the highest pollution is most often observed near the busy streets [McDonald et al. 2013 ]. The vehicles with diesel engines produce most nitrogen oxide emissions. The energy sector is the next significant source of air pollution, resulting from, among others, the usage of low-efficiency heaters in the households. Coal boilers and burning of waste and dry plant waste is another significant source of pollution [Lelek et al. 2016] . Therefore, the air pollution is most frequently observed in large cities and urban areas. The municipal pollution, in turn, includes the emissions resulting from waste management in households and on farms.
The air pollution increases the risk of many diseases, especially the respiratory system diseases, such as lung cancer [Gładka and Zatoński 2016; Sosa et al. 2017] . It causes irritation of the respiratory tract as well as increases the risk of respiratory infections and asthmatic diseases [Kampa and Castanas 2008]. The air pollution may also result in the conjunctiva and skin irritation. Increased heart rate and lower fitness levels are also common adverse effects. The particulates with a diameter over 2.5 micrometers are absorbed in the upper and lower respiratory tracts and they can penetrate into the bloodstream. Similarly to the PM10 particulates, they can cause coughing, breathing difficulties and breathlessness, especially during the physical exercise.
Apart from the direct effect on the human health, another considerable threat related to the air pollution are acid rains, which are caused by nitrogen and sulphur oxides. Moreover, the air pollutants, after they settle on the ground, cause a wide range of negative effects, such as acidification and heavy metals contamination of the soil, waters, and vegetation [Du et al. 2017 ]. These effects also directly impact the human life and health. The acidic pollution of waters is another example. Low pH levels of the water leads to the release of toxic heavy metals, most of them bioaccumulate in fish tissues. Besides the degradation of flora and fauna, we also observe the damage to the structure of buildings [Maeda et al. 2001] .
Smog is particularly dangerous for the human health [Mishra 2017 ]. It is produced as a result of high levels of air pollution under specific weather conditions [Ma et al. 2012 ]. The acidic smog (London type) is created in high humidity in the air contaminated mainly by sulphur oxides, carbon monoxide, and coal dust. It is observed in the winter at the temperatures between -3 and -5°C. The pollutants bind with the mist and create drops of sulphuric acid suspended in the air. This type of smog is dangerous to humans and animals, as well as the soil and water. It also causes damage to the structure of buildings. The London smog significantly limits the visibility (to several dozen meters). The photochemical smog (Los Angeles type) is produced in the period of increased emissions of peroxides and ozone, as well as nitrogen oxides, aldehydes, and aromatic hydrocarbons. It is usually observed in summer, at the temperatures over +26°C. In the sunlight, certain air pollutants react photochemically, creating carcinogenic toxic compounds which may also cause genetic mutations, for example, a poisonous gas created in the reaction of nitrogen oxides with hydrocarbons, i.e. peroxyacetyl nitrate (PAN). It is produced mainly in highly urbanized and densely populated areas [Wang et al. 2014] . The concentration of pollutants in the photochemical smog is usually extremely high and it significantly exceeds the accepted levels of air pollution recommended by WHO.
The ozone hole is the next danger linked to the air pollution. The increasing emissions of ozone and chlorofluorocarbons damage the protective ozone layer [Son et al. 2009 ]. As a result, the UV radiation permeates through the layer and it poses a serious threat to human and animal health, and even to the proper development of plants.
The air pollution aggravates the greenhouse effect, which is reported in the scientific research [Ramanathan and Feng 2009] . The climate change is a global problem affecting the proper functioning of flora and fauna.
In the face of the impending danger, multiple actions are taken to lower the emissions of gas and dust that are harmful to the environment. Biogas plants are one of the options that In consideration of the risks to the environment and the local community, linked to the pollutant emissions, an air quality analysis was conducted in Poznań. This is a large agglomeration, so it is at risk of the aforementioned industrial, traffic, energy and municipal air pollution. An analysis of changes in the emissions of PM10 and PM2.5 was conducted, as these particulates demonstrate a substantial risk to the human health. The research included the air quality measurements for the chosen agglomeration from 2015 to 2017.
RESEARCH METHODOLOGY
The data used consisted of the daily emissions of the suspended particulates: PM10 and PM2.5. The analyses included also the differences in the air temperatures. The research involved the measurements from 2015 to 2017. The data were provided by the meteorological station on Polanka St. in Poznań.
The influence of the meteorological elements on the concentration of the pollutants was identified through the analysis of Pearson's correlation (r). The coefficient of variation (V) was used to specify the changes in the concentration of the suspended particulates PM10 and PM2.5.
The research concerned the air pollution produced in Poznań, a city in west-central Poland with the surface of 262 km 2 and a population of 540 thousand [SVS 2017 ].
RESULTS AND DISCUSSION
Yearly concentration changes of PM10 and PM2.5
In 2015, the daily maximum accepted level of the suspended particulate PM10 was exceeded 54 times. The median for this year was 27.5 µg/m 3 (see Figure 1) ; 50% of all the cases fit in the concentration range between 18-41.5 µg/m 3 . The lowest recorded value was 7 µg/m 3 , whereas the highest was 168 µg/m 3 . The values for the year 2016 were similar to the previous year. The daily median of the concentration of the particulate PM10 was 29 µg/m 3 . The range for 50% of all The changes in the daily concentrations of the suspended particulate PM2.5 for the years 2015-2017 are shown in Figure 2 . It has been noted that in the analyzed years, the yearly concentration of PM2.5 did not show significant changes. The median for the analyzed years was respectively 14, 16, 15 µg/m 3 . The values for the first quartile were identical -10 µg/m 3 . On this basis, it is concluded that the lower limit of the daily concentration of the particulate is relatively constant. The differences in the concentration of PM2.5 for the years 2015-2017 concern the third quartile and the outliers. The conclusion is that every year, there are days when the concentration value of the particulate PM2.5 is frequently exceeded, but the numbers of the outliers for the analysed years differ.
The sources of suspended particulate emissions are not only the volcano eruptions or forest fires, but in case of the Poznań agglomeration, it mainly involves the production processes. Poznań is an important centre of the car, food, Wang et al. [2018] . In the case of Poznań, the air pollution with PM10 and PM2.5 is certainly heavily influenced by the energy production and the heating sector, as many installations require considerable investments to improve their condition [Mayer 1999 ].
The collected data suggest a gradual decrease in the emissions of PM10 and PM2.5 to the atmosphere, especially in 2017. It may be the result of the actions of the local authorities who promoted the idea of replacing private transport with the Within the KAWKA program, Poznań introduced subsidies for the replacement of the old heaters and coal boilers with the system heat, gas or electric heaters. It allowed to modernize many old, low-efficiency installations. Lower energy usage related to heating is also possible through thermo-modernisation of the public buildings, tenement houses and private houses.
Another significant factor which contributes to the regular decrease of the suspended particulates emissions is raising the public awareness of the issue [Environmental Protection Plan... 2013]. The quality of emissions has been raised through numerous educational programs, as well as promoting proper segregation of waste instead of burning it in heaters and boilers.
Monthly concentration changes of PM10 and PM2.5
In 2015, the maximum accepted norm of the concentration of PM10 (50 µg/m3) was most often exceeded in February (14 days), March (9 days), October (10 days) and November (10 days) (see Figure 3) . In those four months, the accepted concentration was exceeded 43 times, that is 80% of all the days in the year with the exceeded norm. Additionally, the average concentration was the highest in the above-mentioned months: February -55 µg/m . In April, the daily accepted norm of the concentration was exceeded 4 times, and in the other months, it was not exceeded at all. The level of concentration of the suspended particulates PM10 and PM2.5 is characterised by a very high degree of interdependence. The value of correlation was: r = 0.93.
In 2016, the daily norms were exceeded less frequently than in the previous year (see Figure 4) . The daily concentration of PM10 was decidedly exceeded most often in January (14 days), which constitutes 24% of the days in the year when the norm was exceeded. The highest average concentrations were noted in the autumn and The year 2017 was marked by the highest level of variation of the concentration of PM10, with the coefficient of variation V = 101%. It was mainly due to the extremely high concentration values in January and February (see Figure  5) . In those months the daily accepted norm was most frequently exceeded; in total, on 30 days during the two months, which constitutes 85% of all the days in the year when the norm was exceeded. The average daily concentration of PM10 in January was 61 µg/m 3 , while in February it was 59 µg/m 3 . In the remaining months, the level of concentration was relatively low, with average monthly values not exceeding 28 µg/m 3 , and there were 5 days with a higher daily concentration (over 50 µg/m 3 ). The value of correlation between the concentration of PM10 and PM2.5 was nearly linear with r = 1.00.
The presented data indicate that the acceptable limits of suspended particulates emission in Poznań were exceeded in the autumn and winter period in 2015-2017. Similarly to the heating season, the produced pollution is most likely causing the highest emissions of the suspended particulates. It is probably the effect of the increased usage of old, low-efficiency heaters, resulting in the high emission of PM10 and PM2.5. The strong correlation between the emission of the suspended particulates and the temperature confirms this assumption. The value of correlation coefficient for PM10 and the temperature was r = -0.311, and for PM2.5 and the temperature, it was r = -0.48. The air humidity also influences the amount of the suspended particulates. It is noted that the higher the humidity, the higher the concentration of PM10 and PM2.5; however, it is much more visible in the case of PM2.5 (r = 0.29), than PM10 (r = 0.15). In light of the above, it is observed that the urban development have changed The sources of the suspended particulates emissions (transport, energy) in Poznań produce both PM10 and PM2.5, as is indicated by the calculated high correlation coefficient of the emissions.
CONCLUSIONS
The presented research shows a gradual decrease in the suspended particulates emissions, resulting from the programs that improve the effectiveness and efficiency of the heating installations and the thermomodernisation of the buildings. The public awareness has also increased when it comes to waste management. The extensive train and tram network in Poznań allows for lowering the emissions of PM10 and PM2.5. The annual characteristics of the suspended particulates emissions indicate that the emissions are the highest in the autumn and winter period, which is linked to the heating necessities. The correlation of the emissions and the temperature also confirms that the main sources of the emissions are the inefficient heaters and boilers. Moreover, high humidity is also an adverse weather factor. The water vapor binds with the suspended particulates and it causes them to settle down on the surfaces quicker.
